Summary. A heterologous radioimmunoassay system developed for the rabbit and suitable for a wide range of mammalian species has been shown to measure prolactin in the plasma of the blue fox. Evaluation of prolactin levels throughout the year showed that concentrations displayed a circannual rhythm with the highest values occurring in May and June. Prolactin concentrations remained low (\ m=~\ 2\ m=. \ 5ng/ml plasma) from July until April with no consistent changes found around oestrus (March\p=n-\April). In 8 pregnant females, the prolactin increase in late April and May coincided with the last part of gestation and lactation: concentrations (mean \ m=+-\s.e.m.) increased to 6\m=.\3 \ m=+-\ 0\ m=. \ 6 ng/ml at mid-gestation, 9\m=.\7 \ m=+-\ 2\m=.\1 ng/ml at the end of gestation and 26\m=.\7 \ m=+-\ 5\m=.\0 ng/ml during lactation. In 10 non-pregnant animals, the mean \ m=+-\ s.e.m. values were 7\m=.\2 \ m=+-\ 1\ m=. \ 2 ng/ml in April, 8\m=.\8 \ m=+-\ 2\m=.\2 ng/ml in May and 9\m=.\8 \m=+-\ 1\m=.\3 ng/ml in June. The prolactin profile in 4 ovariectomized females was similar to that observed in non-pregnant animals, but the plasma values tended to be lower during the reproductive season (April\p=n-\June). In intact females, the only large LH peak (average 28 ng/ml) was observed around oestrus. During pro-oestrus, baseline LH levels were interrupted by elevations of 3\ m=. \ 1\ p=n-\ 10\ m=. \ 4 ng/ml. During the rest of the year, basal levels were < 3 ng/ml. In ovariectomized females, LH concentrations increased within 2 days of ovariectomy and remained high (35\p=n-\55ng/ml) at all times of year.
Introduction
The mechanisms by which the environment affects the reproductive physiology of the blue fox (Alopex lagopus) are poorly understood. It is well established that the seasonal pattern of reproductive activity in many species is controlled by the photoperiod. The blue fox is considered to be a long-day breeder since the reproductive season occurs when daylength is increasing. Oestrus (3-5 days) normally takes place from mid-March until the first week of May, and if conception occurs gestation length is about 52 days. In captivity, lactation lasts for 6-8 weeks. The corpora lutea that form in non-pregnant vixens have a lifespan similar to that of corpora lutea in pregnant animals (Moller, 1973) . Seasonal anoestrus lasts about 9 months.
Changes in photoperiod exert a regulatory role on the gonads via the hypothalamic-pituitary axis. LH and prolactin have been implicated in the development of seasonal reproductive activity or quiescence. Prolactin concentrations are elevated during lactational anoestrus in several species including goats (Hart, 1974) , rats (Lu étal., 1976) and sheep (Lamming, Moseley& McNeilly, 1974) and also during seasonal anoestrus as in the ewe (Munro, McNatty & Renshaw, 1980) . Until now the pattern of secretion of LH and prolactin has not been determined in the female blue fox and the mechanisms behind the control of seasonal breeding in this species are poorly understood. The first aim of this study was to validate a heterologous radioimmunoassay for fox prolactin. Secondly, to investigate whether photoperiod is involved in the control of prolactin and LH secretion, we have studied the annual variations in plasma concentrations of these two hormones in pregnant and nonpregnant vixens and the changes in response to ovariectomy.
Materials and Methods

Animals and sampling
The 32 blue fox vixens used in this study were 3-5 years old. Blood samples (5-10 ml) were collected between 09:00 and 12:00 h without anaesthesia from the cephalic vein into heparinized tubes. Plasma was separated by centrifugation and was stored at -20°C until assayed.
Prolactin assay
Fox prolactin was measured using a heterologous double-antibody radioimmunoassay as described previously (McNeilly & Friesen, 1978) with minor modifications.
Assay procedure. Ovine prolactin (LER-860-2) donated by Dr L. E. Reichert was radioiodinated using the lactoperoxidase method of Holohan, Murphy, Buchanan & Elonore (1973) . Immediately after iodination, unreactive iodide was removed by gel filtration and the labelled hormone was purified using the procedure described by Hinds & Tyndale-Biscoe (1982) .
The assay for fox prolactin utilized a guinea-pig anti-human prolactin (33-9) and a crude fox pituitary extract as reference preparation after comparison with a highly purified ovine prolactin The accuracy of the assay was determined by the measurement of known amounts of ovine prolactin or diluted fox pituitary extracts added to fox plasma containing low levels of prolactin.
The detection limit was defined as the minimum concentration of ovine prolactin (33-9) capable of causing a significant displacement (P < 0-05) of radiolabelled prolactin from the antiserum. The precision was assessed by the repeated assay of 3 pools of plasma.
To Bonnin, Canivene & Scholler, 1984) . The sensitivity of the LH assay was 0-4 ng/ml and the inter-and intra-assay coefficients of variation were 10-3% and 7-3% respectively. For the progesterone assay, the sensitivity and inter-and intraassay coefficients of variation were 300 pg/ml, 13-4% and 9-9% respectively.
Statistical analysis
All concentrations are reported as mean ± s.e.m. For statistical evaluations, the data were analysed by Student's t test, the Mann-Whitney U test or the Kruskal-Wallis test (Conover, 1980 (Text-fig. 3 ).
Accuracy. The recoveries of known amounts of ovine prolactin (1-5-50 ng) or pituitary extract (1:80 to 1:10 240) added to plasma from a fox treated with bromocriptine and previously assayed at < 1 ng/ml were 94-3 ± 2-6% (n = 14) and 97-6 ± 2-5% (n = 14) respectively. Sensitivity and precision. Under routine conditions the assay was sensitive to 1 ng/ml plasma. The proportion of total radioactivity bound by the antiserum in the absence of hormone ranged from 30 to 65%. The intra-and inter-assay coefficients of variation were 8% (n = 14) and 13% (n = 12) respectively. Biological validation. All the foxes showed an increase in prolactin concentrations 30 min after the i.v. injection of TRH or metoclopramide, the effect being significantly greater in the female than in the male. A decrease was seen after injection of bromocriptine (Text- fig. 4 ). In pregnant females, the highest values coincided with gestation and lactation. Concentrations increased to 6-3 ± 0-6 ng/ml at mid-gestation, 9-7 ± 2-1 ng/ml at the end of gestation and 26-7 ± 5-0 ng/ml during lactation. In the non-pregnant females, the same variations were observed during the luteal phase in April (7-2 ± 1 -2 ng/ml) and May (8-8 ± 2-2 ng/ml). In June, prolactin concentrations remained high (9-8 ± 1 -3 ng/ml) but were significantly different ( < 0-05) from those observed in lactating vixens (26-9 ± 50 ng/ml). When females were ovariectomized in June, prolactin values remained low from July to April (2-2 ± 0-3 ng/ml, = 4) and increased significantly (P < 0-01) in May and June (7-3 ± 0-3 ng/ml) but to a lesser degree than in intact females. The circannual changes in prolactin concentrations were parallel to those of daylength.
LH levels were low during anoestrus (July-February : 1-09 ± 0-3 ng/ml), during gestation or the luteal phase (April-May : 0-6 ± 01 ng/ml) and during lactation (May-June : 0-6 ± 0-1 ng/ml). Basal LH concentrations increased in March even when values at the time of the preovulatory LH peak were disregarded (Text-fig. 5 ).
LH levels increased within 2 days of ovariectomy and remained high throughout the year (range 31-4-67-5 ng/ml; Text- fig. 5c ). fig. 7 ).
As shown in , prolactin concentrations during the first week of April were significantly higher (P < 0-05) in non-pregnant than in pregnant vixens. Thereafter until the middle of May the average prolactin concentrations were similar in pregnant (7-2 ±1-1 ng/ml) and non-pregnant females (8 ± 1-3 ng/ml). Significant differences (P < 005) between the two groups of females were observed after 10 May in the last days of gestation (14-6 ± 2-0 and 7-4 ± 0-7 ng/ml) and when lactation occurred (20-2 ± 2-0 and 7-6 ± 0-6 ng/ml). In the ovariectomized females prolactin concentrations from 20 April to 10 May were significantly lower (P < 0-01) than those of the two other groups (4-1 ± 1 -0 ng/ml). The first significant increase was observed at the beginning of May (6-3 ± 0-6 ng/ml) and values rose progresively until June. Levels at the end of May and in June (7-3 ± 0-3 ng/ml) were not different from those of non-pregnant females (7-5 ± 0-5 ng/ml).
The highest values were observed in June and levels decreased continuously thereafter.
Discussion
We have shown that the heterologous radioimmunoassay system developed by McNeilly & Friesen (1978) for the rabbit and suitable for a wide range of mammalian species (including the dog), can also be used to measure prolactin in the plasma of the blue fox. Increasing quantities of fox plasma or pituitary tissue from several varieties of fox gave dose-response curves that were parallel to the ovine or canine prolactin curves. The absence of cross-reactivity with gonadotrophins was demonstrated by injection of LHRH in the male and by ovariectomy of females. The resultant increase in LH did not affect prolactin levels. TRH or metoclopramide administration stimulated prolactin release as in other carnivores such as the dog (Knight, Hamilton & Scanes, 1977; Reimers, Phemister & Niswender, 1978) and the cat (Banks & Stabenfeldt, 1983 (Raud, Kiddy & Odell, 1971 ).
Sensitivity, intra-and inter-assay variabilities and the accuracy of the prolactin assay were similar to those described for a similar assay (McNeilly & Friesen, 1978 ;  McNeilly, Abbott, Lunn, Chambers & Hearn, 1981; Hinds & Tyndale-Biscoe, 1982 Hart, 1975 ; ewes: Walton, McNeilly, McNeilly & Cunningham, 1977) . Similar variations have been reported for the male red fox (Maurel, Lacroix & Boissin, 1984) and the male blue fox (Smith, Mondain-Monval, Moller, Scholler & Hansson, 1985) . In the female blue fox, the decrease in prolactin in July is not followed by a resurgence of ovarian activity. The fall in prolactin precedes the onset of reproductive activity by several months in males and females. The role of prolactin therefore remains unclear. It is possible that in the blue fox prolactin has an anti-gonadotrophic effect during the transition to seasonal anoestrus, but changes in prolactin secretion are not necessary for the onset of normal ovarian function. It has been proposed that the changing prolactin concentrations in the ewe during the autumn are partly responsible for the initiation of the breeding season (Walton et al., 1977) . While hyperprolactinaemia may play a role in suppressing gonadotrophin secretion in the ewe, there is little evidence to support this suggestion (McNeilly & Land, 1979; Land, Carr, McNeilly & Preece, 1980; Worthy & Haresign, 1983) . Our results show that in the blue fox LH remained low even with basal levels of prolactin and increased only in February-March without any concomitant changes in the plasma concentrations of prolactin.
As expected, females ovariectomized after the breeding season in June showed increased LH concentrations within 2 days of the operation and values remained high throughout the rest of the study. This suggests that the ovaries of the anoestrous vixen secrete oestrogens in sufficient quantities to suppress plasma LH concentrations as in the ewe (Bittman, Karsch & Hopkins, 1983 ; Worthy & Haresign, 1983) .
